Epidemiological studies have identified a trend in the development of depressive and anxiety disorders following a diagnosis of chronic obstructive pulmonary disease (COPD). However, the relationship between COPD and subsequent bipolar disorder remains unclear. From January 1, 2000, we identified adult patients with COPD from the Taiwan National Health Insurance Research Database. A nationwide populationbased study was conducted; 46,778 COPD patients and 46,778 age-, sex-, and comorbidity-matched subjects between 2000 and 2011 were enrolled. The two cohorts were followed up till December 31, 2011 and observed for occurrence of bipolar disorder. We observed the COPD and comparison cohorts for 263,020 and 267,895 person-years, respectively, from 2000 to 2011. The incidence rate for bipolar disorder was 1.6/1000 person-years in the COPD cohort and 1.2/1000 person-years in the comparison cohort (p < 0.001). After multivariate adjustment, the hazard ratio (HR) for subsequent bipolar disorder among the COPD patients was 1.42 (95% confidence interval [CI], 1.22-1.64; p < 0.001). In the COPD patients, short-acting beta-agonists (SABAs) was associated with a significantly increased risk of bipolar disorder development (HR ¼ 1.83, 95% CI ¼ 1.25-2.69, p ¼ 0.002). Other COPD medications were not associated with the risk of bipolar disorder development. The study results indicate that COPD may be an independent risk factor for the development of bipolar disorder. The regular use of SABAs might increase the risk of bipolar disorder in COPD patients.
Introduction
Chronic obstructive pulmonary disease (COPD) is a leading cause of death worldwide and is associated with disability and impaired quality of life. 1 During the past 20 years, the number of deaths from COPD has markedly increased. COPD reduces quality of life by reducing the ability to work, limiting normal physical exertion, and affecting social activities. The incidence of COPD is projected to increase in several regions of the world, which continues to be an important cause of morbidity, mortality, and health-care costs worldwide. 2 The pathophysiology of COPD has not been fully determined. However, COPD has been established as a condition that leads to lung abnormalities and also exerts systemic effects, including skeletal muscle dysfunction, cardiovascular disease, osteoporosis, diabetes, and psychiatric disorders. Systemic inflammation might play a major role in the pathogenesis of these systemic effects. 3 Epidemiological studies have identified a strong association between COPD and comorbid psychiatric disorders including anxiety and depression. 4 In COPD patients, anxiety 5 and depression 6 are associated with poor prognosis and often associated with younger age, female gender, smoking, cough, lower forced expiratory volume in 1 s, and more respiratory symptoms. The Global Initiative for Chronic Obstructive Lung Disease guidelines 7 recommend that newly diagnosed COPD patients should be assessed for depression and anxiety, and anxiety, depression, and social problems should be discussed. In epidemiological studies, the association between COPD and the subsequent bipolar risk has been seldom reported. Most of the studies focused on the negative influences of bipolar disorder on the prognosis of COPD. Therefore, previous researches have provided abundant information on the topics including the prevalence, comorbidities, and mortality of patients with bipolar disorder in the COPD population. [8] [9] [10] Over the past few years, inflammation has been revisited as an important etiologic factor of bipolar disorder. 11 Although few studies could describe the clear mechanisms on the relationship between systemic inflammation and the development of bipolar disorder at present, evidence implies that systemic inflammation, especially those chronic or persistent one, might play crucial roles in the pathophysiology of bipolar disorder. 12 One national cohort study have reported that COPD is more common in patients with bipolar disorder than in patients without the condition. 10 However, the relationship between COPD and subsequent bipolar disorder remains unclear and there was no large-scale study addressed this issue. Therefore, we hypothesized that COPD increases the risk of bipolar disorder development. To evaluate this hypothesis, we designed a nationwide populationbased study to evaluate the risk of bipolar disorder in patients with COPD.
Materials and methods Database
Taiwan's National Health Insurance (NHI) program, initiated by the government in 1995, provides comprehensive health care to almost all Taiwanese citizens, with a coverage rate of >99% of the entire population. 13 The National Health Research Institutes (NHRIs) of Taiwan manages multiple NHI databases, which include basic demographic information and detailed orders related to ambulatory and inpatient care. The NHRI publicly releases the NHI databases for research purposes. In the databases, diseases are coded based on the International Classification of Diseases, 9th Revision, Clinical Modification (ICD-9-CM), 2001 Edition. The NHRI created a research database that includes a random sample of 1,000,000 subjects from the registry of all NHI enrollees in 2000. Personal information that could identify any individual patient is encrypted in the database. This study was approved by the Institutional Review Board (IRB) of Taipei Veterans General Hospital. Written consent was not obtained from study patients because the NHI dataset consists of deidentified secondary data for research purposes, and the IRB of Taipei Veterans General Hospital issued a formal written waiver for the need to obtain consent.
Study design and population
In this retrospective cohort study utilizing a nationwide database, patients aged 20 years or older with newly diagnosed COPD (ICD-9-CM codes 491.xx, 492.xx, 494.xx, and 496.xx) between January 1, 2000 and December 31, 2011 were enrolled. The COPD patients who were enrolled should be prescribed at least one bronchodilator during the follow-up period. Patients with a history of bipolar disorder prior to the enrollment date were excluded. A-code is a disease classification system developed especially for filing medical claims that was mainly used for ambulatory care before 2000 in Taiwan. Acode is a much simplified version of ICD-9-CM codes. To maintain the consistence between different claims records and to truly reflect the distribution of different diseases, the NHI program has switched the disease coding to the ICD-9-CM codes since 2000. In our study, A-code (A-code: A212) was mainly used to exclude the patients who were diagnosed with mood disorders, including both bipolar and depressive disorders, between 1996 and 2000.
Potential confounders
To analyze the effects of COPD on the outcome of bipolar disorder, we controlled for age, sex, and comorbidities as potential confounders. To adjust for the severity of comorbidities, the Charlson comorbidity index was calculated and used as a variable. According to the study design, chronic lung disease was exempted from the scoring system.
Comparison group
For each patient with newly diagnosed COPD, one subject matched for age, sex, and Charlson comorbidity index was randomly selected using the same index date. Comparison subjects were selected using incidence density sampling by computer programming. 14 Subjects with a history of bipolar disorder prior to enrollment were excluded.
Outcome measures
The primary outcome of interest was the occurrence of bipolar disorder (ICD-9-CM codes 296.0X, 296.1X, 296.4X, 296.5X, 296.6X, 296.7X, 296.80, or 296.89) after the initial diagnosis of COPD. Patients with bipolar disorder who were prescribed with at least 1 month medication for bipolar disorder were included. All enrollees were followed from the index date until the first diagnosis of bipolar disorder, date of death, withdrawal from the NHI program, or December 31, 2011.
Exposure to COPD medications
Information on COPD medications was extracted to analyze their effects on bipolar disorder development in patients with COPD. During the follow-up period, patients who received 28 days of prescriptions for each COPD medication were categorized into the COPD medication groups. The five groups of COPD medication were short-acting beta 2agonists (SABA: albuterol, fenoterol, terbutaline, and procaterol), long-acting beta2-agonists (LABA: salmeterol and formoterol), short-acting muscarinic antagonists (SAMA: ipratropium bromide), longacting muscarinic antagonists (LAMA: tiotropium bromide), and inhaled corticosteroids (budesonide, fluticasone, and beclomethasone).
Statistical analysis
Data extraction and computation were performed using the Perl programming language (Version 5.12.2; Perl Foundation, Walnut, CA, USA). Microsoft SQL Server 2012 (Microsoft Corporation, Redmond, WA, USA) was used for data linkage, processing, and sampling. All statistical analyses were performed using IBM SPSS statistical software (version 19.0 for Windows; IBM Corp., New York, NY, USA). All data are expressed as mean + standard deviation or n (%) unless otherwise stated. Comparisons between groups were performed using Student's t test for continuous variables and Pearson's chi-square test or Fisher's exact test, as appropriate, for categorical variables. A log-rank test was used to compare the cumulative incidence curves of bipolar disorder between groups. Cox proportional hazards models were used to evaluate the association between COPD and bipolar disorder. Time-dependent Cox proportional hazards regression analysis was used to determine the effects of COPD medications on bipolar disorder development during the follow-up period. Risk factors with p < 0.1 in the univariate model were entered into the multivariable analysis. A p value < 0.05 was considered statistically significant.
Results

Clinical characteristics of the study population
In this study, we evaluated 46,778 COPD patients and 46,778 subjects without COPD, who were matched 1:1 according to age, sex, and comorbidities. The COPD patients were predominantly male (n ¼ 25,813, 55.2%) and their median age was 63 years (interquartile range, 50-74 years). From 2000 to 2011, we observed the COPD and comparison cohorts for 263,020.39 and 267,895.97 person-years, respectively ( Figure 1 ). The median follow-up period for the COPD and comparison cohorts was 5.50 (interquartile range, 2.44-8.75) and 5.64 (interquartile range, 2.59-8.82) years, respectively. The median age at diagnosis was 63 years (interquartile range, 50-74). As shown in Table 1 , the basic characteristics and selected comorbidities were similar between the two groups.
Predictors of the risk of bipolar disorder
During the follow-up period, 430 (0.92%) patients with COPD and 309 (0.66%) comparison subjects developed bipolar disorder. The log-rank test indicated a higher cumulative incidence of bipolar disorder in the COPD group than in the comparison group during the follow-up period (p < 0.001; Figure 2 ), suggesting that COPD patients are associated with increased risk of subsequent bipolar disorder in comparison with non-COPD subjects. After adjusting for patient age, sex, and comorbidities, the hazard ratio (HR) for the development of bipolar disorder in the COPD patients was 1.42 (95% confidence interval [CI], 1.22-1.64; p < 0.001), suggesting that COPD is an independent risk factor for bipolar disorder. In order to avoid the possible reverse causality caused by undiagnosed bipolar disorder and the possibility of surveillance bias, which are frequently seen while using the registered health insurance data, we conducted a sensitivity analysis by excluding the first year of follow-up duration after the date of COPD diagnosis. After excluding the patients with the development of bipolar disorder among both cohorts within the first year of follow-up period (84 patients in the COPD cohort and 61 patients in the comparison cohort were excluded), the adjusted HR for the development of bipolar disorder among both cohorts was 1.42 (95% CI 1.21-1.67; p < 0.001). Table 2 ). Figure 3 shows the subgroup analyses. We identified an incidence rate of bipolar disorder of 1.6/1000 person-years in the COPD group and 1.2/1000 person-years in the comparison group (p < 0.001).
Predictors of the risk of bipolar disorder in patients with COPD
Compared with the matched subjects, the incidence of bipolar disorder was significantly higher in the male or female or aged <65 years COPD patients. The HRs of the COPD patients were all significantly higher in their counterparts devoid of comorbidities, suggesting the independent role of COPD on bipolar disorder development.
We adjusted for the effects of COPD medications in a time-dependent Cox proportional hazards model after adjusting for potential confounding factors, including age, sex, and comorbidities. We analyzed five groups of COPD medication: SABA, LABA, SAMA, LAMA, and inhaled corticosteroids. The time-dependent Cox proportional hazards regression analysis indicated that the use of SABA is associated with significantly increased risk of bipolar disorder development (HR ¼ 1.83, 95% CI ¼ 1.25-2.69, p ¼ 0.002). LABA, SAMA, LAMA, and inhaled corticosteroids were not associated with a risk of bipolar disorder development ( Table 3 ).
Discussion
The study results indicate an increased incidence of subsequent bipolar disorder in COPD patients. The COPD patients were associated with a 42% increased incidence of bipolar disorder compared with the comparison group. These results support the hypothesis that COPD may be a risk factor for bipolar disorder. According to our research, the present study is the largest population-based cohort study to investigate the risk of bipolar disorder in patients with COPD.
Previous studies have identified strong associations between COPD and psychiatric disorders such as depressive and anxiety disorders. However, few studies have evaluated bipolar disorders in patients with COPD. Kunik et al. 4 conducted a cross-sectional study in which 1334 patients with diagnoses of chronic breathing disorders were analyzed. Of the patients with COPD, 65% had been diagnosed with an anxiety or depressive disorder and 31% were receiving treatment for the psychiatric disorder. In other studies, untreated or undertreated anxiety and depression negatively affected medical compliance, increased the frequency of hospital admissions, and prolonged hospitalization in patients with COPD. 5, 6 A recent study reported that a lack of treatment for psychiatric disorders leads to poor quality of life and increases mortality. 7 Although the effects of psychiatric disorders on COPD patients have been recognized by clinicians and investigators, no previous largescale study has investigated the association between COPD and bipolar disorder.
Systemic inflammation and chronic hypoxia are common complications of COPD are well-established possible mechanisms that underlie the pathophysiology of COPD. 3 Explanations for increased risk of bipolar disorder in patients with COPD may be inflammatory processes and hypoxic damage. Increased circulation levels of inflammatory cytokines in stable COPD or COPD exacerbations result in systemic inflammation. 15 Circulating cytokines in the plasma can impair the function of the blood-brain barrier, 16 indicating that peripheral inflammation is associated with the upregulation of central nervous system (CNS) inflammation. COPD might increase the risk of CNS abnormalities, including mood disturbance, by increasing systemic inflammation. Studies have demonstrated that chronic inflammation plays a vital role in the pathophysiology of common psychiatric disorders, 17 including bipolar disorder. 18 Chronic systemic inflammation might provide an explanation for the association between COPD and bipolar disorder. Studies have also identified that intermittent hypoxia from obstructive sleep apnea can cause CNS oxidative stress and inflammation. 19 Chronic hypoxia in COPD can promote the progression of brain dysfunction. 20 Two large multicenter trials, 21, 22 conducted in the 1980s, revealed a significant impairment of motor and executive functioning, learning, and memory in COPD patients with mild hypoxia. In hypoxic COPD patients, chronic hypoxia increases blood viscosity, leading to arterial cerebral hypoperfusion 23 and hypoxic damage to neurotransmitter regulation. 24 Aerobic exercise and regular use of home oxygen could thus improve central nervous system function in hypoxic COPD patients. 25, 26 We hypothesize that chronic hypoxia in COPD patients can lead to bipolar disorder development through hypoxia-induced inflammatory processes. 19 Other possible explanations for the increased risk of bipolar disorder in patients with COPD are sleep disturbance and stress. Sleep apnea and nocturnal desaturation are common in COPD and positively correlate with the severity of COPD. 27 Sleep is a powerful regulator of immune function and immune responses. Prolonged sleep loss can induce systemic inflammatory responses. 28 In COPD patients, stress is directly related to illness and disabilities. Stress has also been associated with the development of bipolar disorder. 29 In this study, we analyzed the effects of COPD medications, including SABA, LABA, SAMA, LAMA, and inhaled corticosteroids, on bipolar disorder development. We observed that SABA are associated with a significantly increased risk of bipolar disorder development (HR ¼ 1.83, p ¼ 0.002), whereas LABA, SAMA, LAMA, and inhaled corticosteroids are not associated with a risk of bipolar disorder development. Previous studies have indicated that numerous cytokines circulating in the peripheral plasma might impair blood-brain barrier function, 16 suggesting that peripheral inflammation is associated with the upregulation of central nervous system inflammation. 30 The finding is acceptable with regard to the potential anti-inflammatory effects of COPD medications. An increasing body of experimental and clinical evidence [31] [32] [33] supports that LABA, SAMA, LAMA, and inhaled corticosteroids exert clinically relevant anti-inflammatory effects. By contrast, SABA, when used regularly, increase airway inflammation and bronchial hyperresponsiveness and reduce lung function. 34 The present study results indicate that the regular use of SABA might represent a risk factor for bipolar disorder. Another possible explanation is that acute exacerbation of COPD might be triggered by bipolar disorder. 35 The explanation provides an association between SABA and bipolar disorder. However, SAMA was also used for acute exacerbations of COPD but did not appear to affect bipolar disorder development in this study.
The major strength of this study is its nationwide population-based study design. Because all pulmonary and psychiatric practices are covered in Taiwan's insurance system, we were able to trace all cases of newly diagnosed COPD and bipolar disorder during the study period. Participation in the NHI is mandatory, and all Taiwanese residents can use medical care with a low copayment; therefore, the follow-up was completed with minimal referral bias. In this study, the diagnosis of COPD required clinical assessments and a prescription including at least one bronchodilator. Bipolar disorder is categorized as a catastrophic illness in Taiwan's insurance system. A patient with a certificate of catastrophic illness is not required to pay related medical costs and clinical data must be provided for peer review. Therefore, the diagnoses of COPD and bipolar disorder are considered reliable and exhaustive.
This study has several limitations that must be mentioned. First, we identified patients with COP-Dusing a diagnostic code in a database, which introduces the possibility of misclassification because of coding errors or misdiagnosis. To reduce misclassification bias, we did not include COPD patients who did not use bronchodilators. However, any misclassification bias would be toward the null hypothesis, leading to the underestimation of the actual effects of COPD. Second, we did not include several potential risk factors, including obesity, smoking, and a family history of bipolar disorder, in the analyses because these data were unavailable. Further research is required to confirm the results and determine the underlying pathogenesis. 
